We thank Vogt et al. for their comments (1). We respond to their three points in order. First, we are aware of the need to extend future metabolomics studies to include other disease groups. We stated this fact in the discussion of ref. 2 and are validating the results in independent cohorts. The detailed biochemical phenotype or signature that we found provides a first glimpse at a previously hidden biology. For example, disturbances in sphingolipid metabolism have important implications for immunobiology and neuroendocrine regulation relevant to myalgic encephalomyelitis (ME)/chronic fatigue syndrome (CFS) (3). Sphingolipids are important mediators of the cell danger response (CDR) (4), and the CDR is an important regulator of the behavioral and functional changes produced by infection, and associated with sickness behavior (5). The biochemical phenotype of ME/CFS is distinct from other diseases that Vogt et al. (1) named. For example, in heart failure, metabolomics shows that long chain acyl-carnitines are increased (6), but these long chain acyl-carnitines were not changed in ME/CFS (2). In our view, chemistry and metabolism underlie all aspects of human biology. Our studies show that metabolomics can be used as a new lens to reveal unexpected biology that was invisible before.
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(1) named. For example, in heart failure, metabolomics shows that long chain acyl-carnitines are increased (6), but these long chain acyl-carnitines were not changed in ME/CFS (2). In our view, chemistry and metabolism underlie all aspects of human biology. Our studies show that metabolomics can be used as a new lens to reveal unexpected biology that was invisible before. The authors' stated belief and supporting citation (7) that the diagnostic criteria for ME/CFS fail to identify a valid clinical syndrome is no longer credible in the face of advancing biochemical and molecular analysis. This view of Vogt et al.
(1) conflicts with the recent findings of the Institute of Medicine (8) . In addition, if ME/CFS had no valid, unifying biology, then the chances of metabolomics showing the diagnostic accuracy found in our study by receiver operator characteristic curve and permutation analysis can be calculated as 1 in 1,000 (P = 0.001). This finding was reported in figure 2 and Third, regarding dauer, the chemical details of the metabolic findings in ME/CFS led directly to a survey of other hypometabolic syndromes like dauer, diapause, torpor, hibernation, and caloric restriction. It was the detailed nature and specific pattern of abnormalities affecting six pathways (sphingolipids, phospholipids, purines, cholesterol, polyamines, and redox metabolism), and not the over 50 other biochemical pathways interrogated, that focused our attention on dauer. In dauer, there is a reprioritization of sensory processing that is metabolically controlled (9) . This situation bears similarities to ME/CFS. We are hopeful that experiments designed to study dauer and metabolomics will bring more investigators into the field, help to reframe old questions, open fresh directions for research, and shed light on an underlying biology that will ultimately benefit patients with ME/CFS.
